Cognitive functioning, behavioural attention and anxiety were studied in adult male Wistar rats after early postnatal anoxia. Spatial memory performance in the holeboard learning task was impaired in anoxic rats when compared with control animals. Attention assessed by the behavioural immobility response to a sudden reduction in background noise was tested in an open field. In anoxic rats this response was reduced compared to controls, which was further reflected in a higher ambulation score in anoxic animals. The emotional state in adult rats after postnatal anoxia was not affected as was demonstrated in the elevated plus-maze and in the shock probe/defensive burying task. The results indicate that adult cognitive deficits after neonatal anoxia are not related to changes in emotional behaviour. Disruption of behavioural attention or the capacity of concentration to task performance may, however, contribute to the observed cognitive impairment.
Introduction
Oxygen deprivation can cause irreversible damage to the adult mammalian brain [3], but during perinatal development the nervous system appears to be more tolerant to hypoxic events [ 141. The developmental period, however, is clinically known for its high risk of hypoxicischemic episodes during intrauterine life and delivery [ 291. Depending on the maturity of the brain at the time the oxygen deficiency occurs and its severity, damage after perinatal hypoxia may vary from severe mental retardation and motor disturbances to mild behavioural dysfunctioning [ 291. One of the common neuropsychological disorders generally linked with brain injury resulting from perinatal hypoxic episodes is the Attention Deficit Disorder (ADD), characterized by transient hyperactivity of children [ 11. Several animal models have been developed to study in detail the pathophysiology of perinatal hypoxia and its behavioural consequences (see [22] ).
Previous studies in this laboratory have been focussed on the behavioural and neuroanatomical effects of perinatal anoxia in rats [ 16-181. Early postnatal anoxia in-duced by exposure to nitrogen gas transiently increased open field activity, whereas adult learning behaviour was shown to be impaired in several learning paradigms [ 161. These findings were in line with results presented in several other studies [ 5, 10, 11, 25] . The permanent effect of perinatal anoxia on cognitive functions has been demonstrated in behavioural avoidance tasks [ 10, 16, 18] , spatial memory tests [ 5,181 and discrimination learning [ 161. The anoxia-induced cognitive impairment is possibly caused by damage to brain structures directly involved in complex learning and memory. More indirectly, cognitive deficits may be induced by an altered emotional state. Results of several studies show the existence of a relationship between stress and anxiety and cognitive functioning [ 7,281. An impaired adult learning and memory performance after perinatal anoxia may therefore be caused in part by disturbed emotional behaviour and anxiety. The effects of perinatal exposure to anoxia on adult emotional behaviour thus far have not been studied in various animal models of anxiety. Alterations in attentional processes may also affect cognitive functioning [4] . The present study was therefore aimed at investigating effects of postnatal anoxia on adult learning performance, anxiety and attention tested in a number of behavioural paradigms. 
I. Animals and anoxia treatment
In the present experiments male Wistar rats were used.
For all procedures followed ethically approval was sought prior to the experiments according to the requirements of the National Act on the Use of Experimental Animals (The Netherlands). The day of birth was taken as postnatal day (PD) 1. Within the first 2 days after delivery the litters were reduced to 8 animals of both sexes per nest.
The rats were housed in a temperatureand lightcontrolled room (2 1 + 1 ' C; 12/ 12 h light/dark cycle, lights on at 7.00 a.m.) with free access to food and water. On PD 1, 2 and 3 part of the animals were subjected to the anoxia treatment. They were placed in an airtight chamber supplied with two valves. Pure nitrogen gas (N2) was passed through the inlet valve until asphyxia occurred.
Lowering the atmospheric oxygen concentration first resulted in hyperactivity followed by loss of locomotor movements and sporadic gasping. The pups were left in the chamber for 20 min after the beginning of gasping. The chamber was partially immersed in a warm water bath to keep environmental temperature at 36-37 "C throughout the anoxia treatment. After the asphyxic episodes the animals were kept at normal atmospheric conditions until reappearance of regular breathing and postural reflexes after which they returned to their biological mothers. Mortality due to asphyxia after the three treatments was N 20%. Controls were exposed to the same procedure, in which the nitrogen gas was replaced by room air. At PD2 1 male rats were weaned and housed in groups of 6 animals per cage until behavioural testing started at an age of 3-4 months. Each rat was used for a single behavioural test only. During all the behavioural tasks the observer was blind to the experimental condition of the animals. To avoid the effect of litter maximally two rats per nest were used for each treatment group.
Hole board learning
For this study 8 anoxic and 6 control treated rats were used. The hole board (70 x 70 x 45 cm) is a test apparatus for spatial orientation learning, in which animals have to learn a random pattern of 4 baited out of 16 equidistant holes (14 cm apart, 3.5 cm diameter, depth 3 cm) in a floor plate, as described earlier [ 191. All holes contained food pellets at the bottom on which a perforated, false bottom was placed. In this way the rats were unable to discriminate between baited and unbaited holes by orientating on olfactory cues in the hole board. The experiment started after the animals were food-deprived and reached a level of SS-90% of their initial body weight. Before testing, the animals were placed in a start-box attached to one of the walls of the hole board. After 10 s the guillotine door between the start-box and the arena of the hole board was lifted allowing the animals to visit the arena. A visit to a hole was scored when the nose of the rat was placed in it. During 5 days of food deprivation needed to reach the 85% b.wt. level, the animals spent two trials of 5 min each per day in the hole board with food pellets in all the holes in order to habituate and to get used to visiting holes for food reward. Between trials the floor of the arena was cleaned with a wet and a dry cloth. The day following the last habituation day, the spatial learning test 
Defensive burying
In the shock probe/defensive burying paradigm [21], rats are shocked through an electrified probe inserted into the home-cage. Immediately following the shock rats have a strong innate tendency to bury the source of the noxious stimulus, i.e. the shock probe, by pushing bedding material toward and over the probe. In this anxiety model 12 anoxic and 11 control treated rats were tested according to previously described procedures [ 13,211. The animals were individually housed in Plexiglas cages (25 x 25 x 30 cm) one week before the start of the experiment. The floor was covered with wood shavings. A removable teflon probe (6.5 cm long, 1 cm in diameter) was inserted 2 cm above the bedding material through a small hole in the centre of the front wall of the cage. At the time of insertion all animals were resting or sleeping. An electric current (1.5 mA) was administered through two uninsulated wires (0.5 mm in diameter) each independently wrapped 25 times around the probe. After insertion the rat investigated the novel probe in his home cage and received a shock when touching it. All rats touched the probe twice within 20 s after insertion of the probe before the current was shut off. The behaviour of the animals was recorded for 10 min following insertion of the probe and classified by the following parameters: exploring of the home cage; burying the shock probe; grooming; eating or chewing of wood shavings; rearing; immobility or freezing behaviour; biting on the shock probe (after the electric current was turned off).
Statistical analysis
Behavioural differences between anoxic and control treated animals in the various tests were tested for significance using a one-way ANOVA with repeated measures in case of the hole board learning paradigm. Further analyses were made by paired or unpaired t-tests (two-tailed) where appropriate. The criterion of significance was set at P< 0.05.
Results

3.1, Hole board learning
A significant interaction was present between anoxia treatment and memory performance in time, showing an impaired reference memory performance in anoxic rats (Fig. 1) . During 8 consecutive testing days the increase of reference memory ratio (RMR) was less rapid in postnatally asphyxiated rats compared to control rats (F,, 84 = 2.85; P = 0.01). Post-hoc testing showed that reference memory performance was lower in anoxic rats on day 2, 4, 5 and 6 (for all days PC 0.05). Both groups started at the same RMR level. The control treated rats showed a significant increase in memory performance on the second testing day (P<O.Ol), whereas the first significant increase in performance of anoxic animals appeared on day 6, indicating a severe delay in learning.
Behavioural response to sudden silence
Immediately after cessation of background noise, control rats responded with freezing or immobility behaviour to the sudden change in their environment (Fig. 2) . This orientation/attention response was less strong in anoxic rats, reflected in a higher percentage of time spent walking (P~0.01). The higher amount of time spent on ambulation was compensated by a nearly significant decrease in the behavioural immobility response (P = 0.07). Exploratory behaviour like rearing and sniffing were not different between the treatment groups. Neither was a difference seen in the amount of time spent sitting with minor head movements or grooming.
Elevated plus-maze
The total time spent on the open or closed arms of the plus-maze was similar in anoxic and control treated rats. Also no difference in the time spent on the central platform was observed. The activity of rats of both treatment groups as measured by the total entries into each of the arms was similar (Fig. 3) .
Defensive burying
After inserting the shock probe all rats aroused from their resting behaviour and started exploring the novel probe. Immediately after receiving the electric shock from the probe, animals of both groups started to bury it. The time spent on burying behaviour was similar for both anoxic and control groups. Other characteristic anxietyinduced activities like exploration and rearing were also similar. Little time was spent by anoxic and control rats on the passive form of avoidance behaviour, e.g. immobility or freezing behaviour in locations away from the probe. Also no differences were observed in grooming, eating or chewing and probe biting (Fig. 4) . Percentage of time spent on various behavioural activities in anoxic (n = 12) and control treated rats (n = 11) during the first 10 min immediately after insertion of a shock probe in the home cages of the animals. All rats received 2 shocks (1.5 mA) within 20 s. After the second shock the electric current was turned off.
Discussion
Repeated postnatal anoxia on PDl, 2 and 3 impaired adult spatial memory performance and reduced the behavioural orientation/attention response to sudden silence. The disruption of spatial memory and attention was not linked to changes in emotionality after neonatal anoxia.
An interaction between attention on the one hand, and learning and memory performance on the other, however, cannot be excluded. The spatial deficits after neonatal anoxia probably are the result of damage to neuronal systems directly involved in cognitive or attentional processes.
Our results in the two anxiety models were in accordance with the findings in a recent report in which prenatal exposure to carbon monoxide reduced ultrasonic calling in rat pups after removal from the nests, but did not affect adult ultrasonic vocalization during active avoidance tasks The monoaminergic transmitters mentioned above are involved not only in the emotional changes to stress, but also in learning and memory [30] . Several studies implicate noradrenaline and dopamine in a wide range of attention-related behaviours and indicate a role for these neurotransmitters in information processing [4] . Therefore, it may well be concluded that the impaired behavioural attention and the cognitive dysfunction of spatial learning are coherent persistent behavioural effects of perinatal anoxia, in which both aminergic and choline@ system damage is involved.
